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Egyptian populationAbstract Introduction: Sex identiﬁcation of different skeletal remains has been deﬁance for many
forensic studies. Mastoid process of the skull has drawn great attention from many researchers. Sex
differences of the mastoid process are investigated using traditional morphological and metric
methods.
Aim: The aim of the present study was to use multidetector computed tomography (MDCT) to
estimate sex from measuring the mastoid process of adult individuals.
Subjects and methods: Eighty adult subjects (40 males and 40 females) of the Egyptian population
were included in the present study with a mean age of 32.8 + 12.98 and 28.9 + 10.1, respectively.
Nine mastoid measurements were obtained on the mastoid and were subjected to statistical analysis
using SPSS version 16. Accuracy of MDCT and cut-off points to estimate sex from mastoid process
were then obtained.
Results: All mastoid dimensions except mastoid angles were larger in males than in females. Con-
ventional mastoid height (cMH), oblique sagittal diameter (OSD) and mastoid volume with its three
components, showed high accuracy (85–75%) in discriminating sex. As regards cMH and mastoid
volume, the cutoff point was (30.15) with overall accuracy (85%) in cMH, whereas, in mastoid vol-
ume the cutoff point was (7.77) with overall accuracy of (75%).
Conclusion: It was concluded that the conventional mastoid height (cMH), and oblique sagittal diam-
eter (OSD) andmastoid volumeweremore accurate for sex discrimination in the Egyptian population.
 2016 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Estimation of sex using human skeletal parts is of importance
for both, the anatomical anthropologist, and in forensic
medicine.1 Many factors inﬂuence the accuracy of sex estima-
tion from adult skeletal remains. Firstly, many of the anatom-or com-
Table 1 Independent sample t test.
Males (n= 40) Females (n= 40) P value
cMH 31.37 ± 2.71 26.80 ± 2.47 <0.001*
tMH 39.15 ± 3.43 34.74 ± 3.45 <0.001*
ctMH ratio 0.8 ± 0.03 0.77 ± 0.04 0.004*
OSD 23.86 ± 4.22 20.76 ± 3.57 0.001*
OCD 13.62 ± 3.07 11.89 ± 3.27 0.018*
OSD max 31.56 ± 3.22 26.46 ± 4.07 <0.001*
OCD max 20.01 ± 3.28 16.85 ± 3.11 <0.001*
Volume 13.09 ± 3.61 8.43 ± 3.31 <0.001*
ad angle 61.09 ± 4.78 61.33 ± 5.09 0.832
a Inc. angle 70.73 ± 3.59 72.48 ± 4.31 0.052
m Inc. angle 72.93 ± 9.17 76.01 ± 11.17 0.182
* means signiﬁcance when comparing between male and female
and P value <0.001.
Figure 1 Showing Frankfort plane and cMH.
2 F.A.F.A.B. Allam, Mohammad Fouad Abdel Baki Allamical differences between the skeletal elements of males and
females are not signiﬁcantly pronounced. In terms of skeletal
dimensions, males and females differ only by approximately
8%.2 Secondly, the validity of traditional morphological and
metric approaches for sex estimation relies on a high degree
of preservation and skeletal completeness, speciﬁcally of sexu-
ally dimorphic element of the skull and pelvis.3 Mastoid pro-
cess of the skull has attracted attention from various
researchers, because of its protected position at the base of
skull and relative compact structure, the mastoid process usu-
ally remains in one piece.4,5 The mastoid process is typically
more robust in males. Sex differences in the shape and size
of the mastoid process are investigated using traditional mor-
phological and metric methods. Advances in technologies such
as computed tomography (CT) scanning, Magnetic Resonance
Imaging (MRI), computer based anthropometry, and bio-
chemical analyses are signiﬁcantly improving the accuracy of
skeletal analyses especially in sex estimation.6 Virtual anthro-
pology (VA) is best characterized as a multidisciplinary
approach to study anatomical data representations in three
dimensions. It is a fundamental tool for anthropological anal-
ysis that allows researchers to deal with problems that could
not be solved using traditional anthropological approaches.7
1.1. Aim of the work
The aim of this study was to assess the sexual dimorphism of
the mastoid process as measured on multidetector computed
tomography (MDCT) in living subjects and drive a cutoff
point that would be useful in the estimation of sex in adult
Egyptian population.
2. Subjects and methods
2.1. Sample size calculation
Before the study, the number of patients required in each
group was determined after a power calculation according to
data obtained from pilot study. Pilot study reported a mean
volume in female of 9.2 with standard deviation (SD) of 1.7
and reported a mean volume in male of 10.9 with standard
deviation (SD) of 3.9. A sample size of 40 patients in each
group was determined to provide 80% power for two-tail ‘t’
test at the level of 5% signiﬁcance. (Sample size calculated
using G power 3.1.9.2 software) (Table 1).
This retrospective observational analytic study was con-
ducted on eighty adult subjects (forty males and forty females)
at department of Diagnostic Radiology, Faculty of Medicine,
Minia University, using a 16-detector CT scanner (Bright-
Speed 16; GE Medical Systems, GE Healthcare-America: Mil-
waukee, USA): during the period from July 2015 to November
2015, and after being approved by the Medical Ethics
Committee.
Imaging studies were done as a part of clinical work up for
ear problems, after approval from hospital research Ethics
Committee ofﬁce.
The study sample included, helical CT studies of the head
that have complete imaging coverage, and intact mastoid pro-
cess with the following parameters: 120 KVp, 100 mAs, a heli-
cal pitch of 0.562:1, 16  0.625 mm detector conﬁguration,
and 0.625 mm helical slice thickness.Please cite this article in press as: Allam FAFAB, Allam MFAB Sex discrimination
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destruction, and previous surgical mastoid operation, were
obtained for the study sample. As all cases were CT imaging
samples, so the sex and the age were known.
All studies were transferred to an Advantage Workstation
(AW) Volume Share 2 (GE) Healthcare, for post-processing
and image reconstruction. The axial source images were
aligned in a plane parallel to the infra-orbito-metal line or
Frankfurt plane. Image reconstruction was then performed,
to obtain multiplanar reformatted images (MPR) images in
coronal and sagittal planes perpendicular to the created axial
images with helical slice thickness:1.25 mm and reconstruction
interval: 0.625 mm. Three-dimensional (3D) volume-rendered
images of the skull in right and left proﬁle views were created.
The following mastoid measurements were taken on mas-
toid process of both sides:
1. Conventional mastoid height (cMH): a vertical line con-
necting the mastoid tip with and perpendicular to the
Frankfort plane, is measured on 3D volume rendered pro-
ﬁle images Fig. 1.
2. True mastoid height (tMH): a vertical line from the mastoid
tip to tegmen mastoidium measured on a coronal plane
Fig. 2.
3. Oblique sagittal diameter (OSD): long axis (oblique antero-
posterior) diameter of the mastoid at the level of the mas-
toid groove measured on an axial plane Fig. 3.
4. Oblique coronal diameter (OCD): short axis (oblique trans-
verse) diameter at the level of the mastoid groove measured
on an axial plane. Fig. 3.of mastoid process by anthropometric measurements using multidetector com-
/dx.doi.org/10.1016/j.ejfs.2016.05.001
Figure 2 Showing mastoid tMH.
Figure 3 Showing OSD and OCD.
Figure 5 Showing anterior inclination angle.
Figure 6 Showing medio-lateral inclination angle.
Sex discrimination of mastoid process by anthropometric measurements 35. Maximal oblique sagittal diameter (OSD max): maximal
long axis diameter of the mastoid measured on an axial
plane Fig. 4.
6. Maximal oblique coronal diameter (OCD max): maximal
short axis diameter of mastoid measured on axial plane.
Fig. 4.
7. Mastoid volume: Using the following formula
(tMH  OSD max  OCD max  0.52).
8. Anterior inclination angle: angle between the Frankfort
plane and an oblique vertical line starting from mastoid
tip and passing through the mastoid center midway
between the anterior and posterior mastoid cortices, mea-
sured on a sagittal plane Fig. 5.
9. Medio-lateral inclination angle: between the long axis
diameter OSD (a line connecting the anterior-most and
posterior-most points of the mastoid) at the level of the
mastoid groove with a horizontal plane Fig. 6.
The mean of right and left mastoid dimensions or variables
was calculated in all cases.Figure 4 Showing OSD max and OCD max.
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cal Package for the Social Sciences (v. 16.0). Data were repre-
sented as mean ± standard deviations (SD) or frequency and
percent where appropriate. Non parametric Mann–Whitney
test was employed to compare both groups and to ﬁnd statis-
tical differences in different variables. With P value < 0.05 the
results were signiﬁcant, and with P value < 0.001 the results
were highly signiﬁcant. Receiver operating characteristic curve
(ROC) was performed to ﬁnd optimal cutoff values of different
variables and their sensitivity, speciﬁcity and accuracy.
3. Results
This study was carried out on eighty subjects, forty males and
forty females.
3.1. Demographic data
The mean age of males was 32.8 ± 12.98 y (range 16–55 y),
whereas the mean age of females was 28.9 ± 10.1 y (range
17–48 y), the difference was statistically insigniﬁcant
(P< 0.15) Table 2.
Descriptive statistics of mastoid dimensions and angles are
shown in Tables 3 and 4. All dimensions of the mastoid includ-
ing the mastoid volume, were larger in males than females,
except the mastoid angles (anterior inclination and medio-
lateral inclination angles), which were larger in females thanof mastoid process by anthropometric measurements using multidetector com-
/dx.doi.org/10.1016/j.ejfs.2016.05.001
Table 2 Range and mean ± SD of age between males and
females.
Age in years Males (N= 40) Females (N= 40) P
Range 16–55 17–48 0.15
Mean ± SD 32.8 ± 12.98 28.9 ± 10.1
Table 3 Comparison between different mastoid dimensions in male
Mastoid feature Males N= 40
Mean ± SD
cMH 31.37 ± 2.71
tMH 39.15 ± 3.43
OSD 23.86 ± 4.2
OCD 13.62 ± 3
OSD max 31.56 ± 3.2
OCD max 20 ± 3.2
Mastoid volume 13.09 ± 3.6
N: number, SD: standard deviation, cMH: conventional mastoid height
oblique coronal diameter, Max: Maximal, P: probability.
Table 4 Comparison between mastoid angles in males and females
Mastoid feature Males N= 40
Mean ± SD
Medio-lateral inclination angle 72.93 ± 9.17
Anterior inclination angle 70.73 ± 3.59
N: number, SD: standard deviation, P: probability.
Table 5 Frequency distribution of conventional mastoid dimension
Range Males (N= 40)
cMH OSD OC
F(%) F(%) F(%
6–7.99 – – –
8–9.99 – – 2(5
10–11.99 – – 14(
12–13.99 – – 10(
14–15.99 – 2(5) 4(1
16–17.99 – 2(5) 4(1
18–19.99 – – 6(1
20–21.99 – 10(25) –
22–23.99 – 6(15) –
24–25.99 – 8(20) –
26–27.99 6(15%) 6(15) –
28–29.99 6(15%) 4(10) –
30–31.99 12(30%) – –
32–33.99 10(25%) 2(5) –
34–35.99 3(7.5%) – –
36–37.99 3(7.5%) – –
N: number, cMH: conventional mastoid height, OSD: oblique sagittal di
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ences (P< 0.001).
There was a considerable degree of overlapping for both
mastoid dimensions and mastoid angles. Frequency distribu-
tion of conventional mastoid dimensions (relative to the
Frankfurt plane and mastoid groove level) is shown in Table 5.
Frequency distribution of maximal mastoid dimensions is
shown in Table 6. Frequency distribution of mastoid volume
is shown in Table 7. Frequency distribution of mastoid angles
is shown in Table 8.s and females.
Females N= 40 P
Mean ± SD
26.80 ± 2.47 <0.001
34.74 ± 3.45 <0.001
20.76 ± 3.5 <0.001
11.89 ± 3.2 <0.001
26.46 ± 4 <0.001
16.8 ± 3.1 <0.001
8.43 ± 3.3 <0.001
, tMH: true mastoid height, OSD: oblique sagittal diameter, OCD:
.
Females N= 40 P
Mean ± SD
76 ± 11.1 <0.001
72.43 ± 4.3 <0.001
s in males and females.
Females (N= 40)
D cMH OSD OCD
) F(%) F(%) F(%)
– – 2(5)
%) – – 12(30)
35) – – 10(25)
25) – – 8(20)
0) – 2(5) 2(5)
0) – 6(15) 2(5)
5) – 14(35) 4(10)
– 6(15) –
8(20) 2(5) –
4(10) 8(20) –
12(30) – –
12(30) 2(5) –
4(10) – –
– – –
– – –
– – –
ameter, OCD: oblique coronal diameter, F: frequency.
of mastoid process by anthropometric measurements using multidetector com-
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Table 6 Frequency distribution of maximal mastoid dimensions in males and females.
Range Males (N= 40) Females (N= 40)
tMH OSD max OCD max tMH OSD max OCD max
F(%) F(%) F(%) F(%) F(%) F(%)
10–11.99 – – – – – 2(5)
12–13.99 – – 2(5) – – 6(15)
14–15.99 – – 2(5) – – 10(25)
16–17.99 – – 4(10) – 2(5) 6(15)
18–19.99 – – 10(25) – – 6(15)
20–21.99 – – 8(20) – 4(10) 10(25)
22–23.99 – – 12(30) – 4(10) –
24–25.99 – 2(5) 2(5) – 10(25) –
26–27.99 – 2(5) – 2(5) 6(15) –
28–29.99 – 10(25) – 2(5) 4(10) –
30–31.99 2(5%) 6(15) – 4(10) 8(20) –
32–33.99 2(5%) 14(35) – 8(20) 2(5) –
34–35.99 2(5%) 4(10) – 6(15) – –
36–37.99 8(20%) – – 14(35) – –
38–39.99 4(10%) – – 2(5) – –
40–41.99 16(40%) 2(5) – 2(5) – –
42–43.99 2(5%) – – – – –
44–45.99 4(10%) – – – – –
N: number, tMH: true mastoid height, OSD max: maximal oblique sagittal diameter, OCD max: maximal oblique coronal diameter, F:
frequency.
Table 7 Frequency distribution of the mastoid volume in
males and females.
Range Males N= 40 Females N= 40
F(%) F(%)
2–3.99 – 4(10)
4–5.99 2(5) 6(15)
6–7.99 – 12(30)
8–9.99 4(10) 4(10)
10–11.99 6(15) 4(10)
12–13.99 16(40) 10(25)
14–15.99 3(7.5) –
16–17.99 7(17.5) –
18–19.99 – –
20–21.99 – –
22–23.99 2(5) –
N: number, F: frequency.
Sex discrimination of mastoid process by anthropometric measurements 5The receiver operating characteristic (ROC) curve was
obtained for sex classiﬁcation using a continuous variable.
ROC curve was used to ﬁnd out the value of mastoid variables
obtaining maximum sensitivity and speciﬁcity. The continuous
measurement scale in the current study results in the different
cut-off values and different corresponding sensitivity and
speciﬁcity, a summary of their relationship is shown in a
ROC curve graph (7. Fig). Using this graph, an optimal cut-
off point is used for the discrimination of male and female
sex (Tables 9–13).
4. Discussion
The current study reveals marked sexual dimorphism regard-
ing the dimensions of the mastoid region; it establishes its
value as a sex indicator for Egyptian population. MastoidPlease cite this article in press as: Allam FAFAB, Allam MFAB Sex discrimination
puted tomography in Egyptian adult population, Egypt J Forensic Sci (2016), http:/region is one of the slowest bony growing regions of the cra-
nium, also mastoid process is highly resistant to physical dam-
age and it remains intact even in damaged skulls due to
itsProtected anatomical position and compact structure,8 this
region is thought to have a considerable degree of sexual
dimorphism in adulthood.9 The differences in size of the mas-
toid process between males and females would be due to
greater development of the mastoid process in males in
response to stronger muscle action of the sternocleidomastoid,
posterior belly of the digastric, splenius capitis, and longis-
simus capitis muscles.9 These muscles are attached to a large
area in males than in females.10 Mastoid process was a good
discriminator of sex in many conditions even in severe
malnutrition.11
The current study used multidetector CT for examining the
mastoid for sex discrimination, owing to its sensitive and solid
method in measuring all mastoid dimensions. The cMH in the
current study was larger in males (31.37± 2.71) than in
females (26.80± 2.47), these results are in agreement with
those reported from the morphological study of Sumati et al.
[12] who studied mastoid dimensions for sexual dimorphism
in north Indian individuals, and measured the mastoid height
in the same way that the current study measured cMH, they
reported higher mean value and SD of mastoid height in males
(28.3± 4.04) than in females (23.18± 2.24). In the present
study True mastoid height (tMH) was larger in males (39.15
± 3.43) than females (34.74± 3.4), this in line with Yilmaz
et al. [13], who studied the mastoid process for sex dimor-
phism, they reported that the True mastoid height was higher
in males compared with females.
The optimal cutoff point of cMH in the current study was
(30.15) with sensitivity (70%), speciﬁcity (100%) and overall
accuracy (85%), the prediction accuracy of cMH was 75%
using a simple discriminant functional analysis.of mastoid process by anthropometric measurements using multidetector com-
/dx.doi.org/10.1016/j.ejfs.2016.05.001
Table 8 Frequency distribution of different mastoid angles in males and females.
Range Males (N= 40) Females (N= 40)
Anterior inclination M/L inclination Anterior inclination M/L inclination
F(%) F(%) F(%) F(%)
48–51.99 – – – –
52–55.99 – – – –
56–59.99 – 2(5) – 2(5)
60–63.99 – 2(5) 2(5) 8(20)
64–67.99 8(20) 10(25) 4(10) –
68–71.99 22(55) 6(15) 10(25) 2(5)
72–75.99 4(10) 8(20) 18(45) 10(25)
76–79.99 6(15) 4(10) 4(10) 6(15)
80–83.99 – 4(10) 2(5) 4(10)
84–87.99 – 2(5) – 4(10)
88–91.99 – – – –
92–95.99 – – – –
96–99.99 – 2(5) – 2(5)
100–103.99 – – – 2(5)
N: number, M/L: medio-lateral, F: frequency.
Figure 7 Receiver operating characteristic (ROC) graph showing sensitivity, speciﬁcity and area under the curve for all mastoid
variables. cMH: conventional mastoid height, tMH: true mastoid height, OSD: oblique sagittal diameter, OCD: oblique coronal diameter,
OSD max: maximal oblique sagittal diameter, OCD max: maximal oblique coronal diameter, a incl angle: anterior inclination angle, m
incl angle: medial inclination anglet.
6 F.A.F.A.B. Allam, Mohammad Fouad Abdel Baki AllamThese results are in line with those of Saini et al. [14] who
studied mastoid process dimensions for sex estimation among
the north Indian population, they measured mastoid length
from the mastoid tip till the upper rim of mastoid arch above
the Frankfort plane, therefore they reported higher cutoff
point (34.095) than the current study with sensitivity
(75.0%), speciﬁcity (76.5%) and overall accuracy (72.46%).Please cite this article in press as: Allam FAFAB, Allam MFAB Sex discrimination
puted tomography in Egyptian adult population, Egypt J Forensic Sci (2016), http:/In the present study, OSD and OCD were higher in males
than in females, these results are in agreement with those
found by Sumati et al. [12] who measured the mastoid
antero-posterior diameter from the point at which the tym-
panic plate abuts against the anterior surface of the mastoid
to the posterior border on the same level, and measured mas-
toid breadth from the highest part of the medial surface of theof mastoid process by anthropometric measurements using multidetector com-
/dx.doi.org/10.1016/j.ejfs.2016.05.001
Table 9 Showing area under the curve (AUC), optimal cut-off point, sensitivity, speciﬁcity, identiﬁed males and females with overall
accuracy using receiver operating characteristic (ROC) method.
Variable AUC Optimal cutoﬀ point Sens. Specif. Male identiﬁed N (%) Female identiﬁed N (%) Overall % accuracy N= 80
cMH 0.882 $ 6 30.15 > # 70 100 28 70 40 100 85
tMH 0.795 $ 6 37.9 > # 65 90 26 65 36 90 77.5
OSD 0.745 $ 6 20.55 > # 90 65 36 90 26 65 77.5
OCD 0.669 $ 6 11.1 > # 85 55 34 85 22 55 70
OSD max 0.842 $ 6 27.9 > # 90 65 36 90 26 65 77.5
OCD max 0.754 $ 6 16.35 > # 90 55 36 90 22 55 72.5
Volume 0.816 $ 6 7.77 > # 95 55 38 95 22 55 75
A. angle 0.642 # 6 71.05 > $ 70 70 28 70 28 70 70
M/L angle 0.589 # 6 74.75 > $ 70 60 28 70 24 60 65
cMH: conventional mastoid height, tMH: true mastoid height, OSD: oblique sagittal diameter, OCD: oblique coronal diameter, OSD max:
maximal oblique sagittal diameter, OCD max: maximal oblique coronal diameter, N: number, M/L: medio-lateral, AUC: area under curve.
Table 10 Simple discriminate functional analysis for sex prediction.
Wilk’s lambda P value Constant Coeﬃcient Sectioning point Cross validated accuracy (%)
c MH 0.558 <0.001* 11.191 0.385 0 75
t MH 0.705 <0.001* 10.717 0.290 0 65
ct MH ratio 0.901 0.004* 17.831 22.632 0 70
OSD 0.861 0.001* 5.702 0.256 0 67.5
OCD 0.930 0.018* 4.015 0.315 0 60
OSD max 0.670 <0.001* 7.896 0.272 0 70
OCD max 0.800 <0.001* 5.765 0.313 0 67.5
Volume 0.684 <0.001* 3.104 0.288 0 72.5
Simple discriminant functional analysis.
Discriminant score = constant + (coefﬁcient  measure).
If the discriminant score > sectioning point? it means male.
If the discriminant score < sectioning point? it means female.
* means signiﬁcance when comparing between male and female and P value <0.001.
Table 11 Multiple discriminate functional analyses for sex prediction Simple.
Wilk’s lambda P value Constant Coeﬃcient Sectioning point Cross validated accuracy
c MH 0.440 <0.001* 22.774 1.585 0 80%
t MH 1.076
ct MH ratio 39.279
OSD 0.025
OCD 0.015
OSD max 0.188
OCD max 0.258
Volume 0.175
Simple discriminant functional analysis.
Discriminant score = constant + (1.585  c MH) + (1.076  t MH) + (39.279  ct MH ratio) + (0.025  OSD) + (0.015  OCD)
+ (0.188  OSD max) + (0.258  OCD max) + (0.175  volume).
If the discriminant score > sectioning point? it means male.
If the discriminant score < sectioning point? it means female.
* means signiﬁcance when comparing between male and female and P value <0.001.
Sex discrimination of mastoid process by anthropometric measurements 7mastoid process within the digastric fossa to the most lateral
point of the process of the same level, they reported higher
antero-posterior diameter in males (17.52± 4.69) than in
females (13.69± 3.67) and similarly higher mastoid breadth
in males (11.46± 2.7) than in females (8.68± 2.59).Please cite this article in press as: Allam FAFAB, Allam MFAB Sex discrimination
puted tomography in Egyptian adult population, Egypt J Forensic Sci (2016), http:/The current study used the opportunity of Multidetector
CT in measuring the maximal mastoid dimensions including
its apparent process and its hidden portion which was bound
cephalically by the roof of the mastoid air cells called tegmen
mastoidium, the maximal dimensions were used to calculateof mastoid process by anthropometric measurements using multidetector com-
/dx.doi.org/10.1016/j.ejfs.2016.05.001
Table 12 Stepwise multiple discriminate functional analysis for sex prediction: It revealed this model:-.
Wilk’s lambda P value Constant Coeﬃcient Sectioning point Cross validated accuracy
c MH 0.476 <0.001* 10.794 0.468 0 77.5%
t MH 0.204
OSD max 0.164
Simple discriminant functional analysis.
Discriminant score = constant + 0.468  c MH) + (0.204  t MH) + (0.164  OSD max).
If the discriminant score > sectioning point? it means male.
If the discriminant score < sectioning point? it means female.
* means signiﬁcance when comparing between male and female and P value <0.001.
Table 13 Logistic regression analysis.
Simple logistic regression analysis Multiple logistic regression analysis Multiple stepwise logistic regression analysis
OR 95% CI P value AOR 95% CI P value AOR 95% CI P value
cMH 1.99 (1.48–2.7) <0.001* 15.11 (0.01–33414.9) 0.489 4.31 (1.88–9.89) 0.001*
tMH 1.45 (1.21–1.74) <0.001* 0.154 (0–150.3) 0.594
ctMH ratio NA NA NA NA
OSD 1.22 (1.07–1.38) 0.002* 0.86 (0.51–1.57) 0.595 0.72 (0.52–0.99) 0.045*
OCD 1.18 (1.02–1.37) 0.002* 0.93 (0.55–1.57) 0.794
OSD max 1.52 (1.25–1.85) <0.001* 1.68 (0.36–7.81) 0.507 4.5 (1.69–11.9) 0.003*
OCD max 1.35 (1.15–1.58) <0.001* 0.18 (0.02–1.56) 0.122
Volume 1.47 (1.23–1.76) <0.001* 6.69 (0.11–378.7) 0.356 0.31 (0.13–0.71) 0.005*
* means signiﬁcance when comparing between male and female and P value <0.001.
8 F.A.F.A.B. Allam, Mohammad Fouad Abdel Baki Allamthe mastoid volume, which demonstrated signiﬁcantly higher
values in males than in females, the optimal cutoff point for
sex estimation was 7.77 with very high sensitivity in male iden-
tiﬁcation (95%), speciﬁcity (55%), and overall accuracy
(75%). Prediction accuracy of mastoid volume was (72.5%)
by using simple discriminant functional analysis. These results
are in line with Singh et al. [15].
Although some recent anatomic studies used multidetector
CT to provide more accurate and more reliable morphometric
data in sex determination in recent years Yilmaz et al. [13], and
Turhan–Haktanir et al. [16], there is no published literature to
our knowledge, investigated the mastoid volume for sex dis-
crimination among the Egyptian population using multidetec-
tor CT.
5. Conclusion and recommendation
The results of our study are optimistic, they are giving a good
opportunity to identify the sex of the mastoid process using
MDCT. Also, we have introduced a simple, and logical
method (cut-off point by ROC), and Simple discriminant func-
tional analysis for sex identiﬁcation with good accuracy, espe-
cially in cases of fragmentary cranial bones. Conventional
mastoid height (cMH), oblique sagittal diameter (OSD) and
mastoid volume were found to be the most accurate sex deter-
minants in all mastoid variables. As regards mastoid angles,
further researches using larger samples are recommended to
study their role in sex discrimination.
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